EP 2 383 529 A1

(1 9) Européisches

European
Patent Office

Office européen
des brevets (11) EP 2 383 529 A1
(12) EUROPEAN PATENT APPLICATION
published in accordance with Art. 153(4) EPC
(43) Date of publication: (51) IntCl.:
02.11.2011 Bulletin 2011/44 F25B 1/00 (2006:07)
(21) Application number: 09839146.9 (86) International application number:
PCT/JP2009/051233

(22) Date of filing: 27.01.2009

(87) International publication number:

WO 2010/086954 (05.08.2010 Gazette 2010/31)

(84) Designated Contracting States:
AT BE BG CH CY CZ DE DK EE ES FI FR GB GR
HRHUIEISITLILT LULV MC MK MT NL NO PL
PT RO SE SI SKTR

(71) Applicant: Mitsubishi Electric Corporation
Tokyo 100-8310 (JP)

(72) Inventors:
* HOKAZONO, Keisuke
Tokyo 100-8310 (JP)

« AOYAMA, Yutaka
Tokyo 100-8310 (JP)

(74) Representative: Gleiter, Hermann

Pfenning, Meinig & Partner GbR
Patent- und Rechtsanwilte
Theresienhoéhe 13

80339 Miinchen (DE)

(54) AIR CONDITIONER AND METHOD OF RETURNING REFRIGERATING MACHINE OIL

(57)  An air-conditioner capable of suppressing in-
crease in the suction temperature of a compressor is pro-
vided.

The air-condrtioner 100 according to the present in-
vention has a refrigerant circuit in which a compressor
1, an oil separator 2, a heat source side heat exchanger
4, a throttle device 102, and a use side heat exchanger

101 are connected in series, an oil returning circuit 31
that connects the oil separator 2 with the suction side of
the compressor 1, and a decompression mechanism 11
provided in the oil return circuit 31. The oil return circuit
31 is installed by piping so as to exchange heat with a
part of the heat source side heat exchanger 4 at the up-
stream side of the decompression mechanism 11.
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Description
Technical Field

[0001] The present invention relates to an air-condi-
tioner having a refrigerant circuit and a method of return-
ing refrigerator oil discharged along with a refrigerant
from a compressor constituting the refrigeration cycle
thereof to the compressor.

Background Art

[0002] In an air-conditioner having a refrigerant circuit
(refrigeration cycle) represented by a multi air-condition-
er for buildings, in which a plurality of load-side indoor
units is connected and each indoor unit is operated sep-
arately, refrigerator oil is discharged along with a refrig-
erant from a compressor. In such an air-conditioner, con-
ventionally, an oil separator has been disposedin general
at the secondary side (discharge side) of the compressor
for the purpose of reducing the distribution amount of the
refrigerator oil brought out of the compressor in the re-
frigeration circuit to immediately return to the compres-
Ssor.

(Refer to Patent Document 1, for example)

[0003] Reasons for disposing the oil separator are giv-
en as follows. First, as a connecting pipe (refrigerant pipe)
that links a heat source unit (outdoor unit) with an indoor
unit becomes longer, the amount of refrigerator oil dis-
tributed inthe connecting pipe increases and a necessary
oil amount in the compressor possibly runs short. Sec-
ond, since a plurality of indoor units separately start/stop,
the refrigerator oil is sometimes accumulated in the sus-
pended indoor unit. Third, when the refrigerant stagnates
in the compressor and the compressor is started under
the condition that oil is diluted, it takes time for the com-
pound liquid of the brought-out refrigerant and refrigera-
tor oil to return to the compressor after circulating in the
refrigerant circuit, resulting in the lowering of reliability of
the compressor possibly.

[0004] In the air-conditioner described in Patent Liter-
ature 1, the refrigerator oil brought out of the compressor
is adapted to be separated into a high-pressure high-
temperature gas refrigerant and refrigerator oil by an oil
separator. Then, the high-pressure high-temperature
gas refrigerant flows into a heat source side heat ex-
changer and the separated refrigerator oil is returned to
the primary side (suction side) of the compressor under
low-pressure low-temperature conditions after being de-
compressed by adecompression apparatus. Atthattime,
part of the high-pressure high-temperature gas refriger-
ant is decompressed by the decompression apparatus
along with the refrigerator oil and returned to the suction
side of the compressor under the low-pressure high-tem-
perature condition at the same time with the refrigerator
oil.
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[0005] Reasons for returning oil to the primary side of
the compressor are given as follows. First, the refriger-
ator oil discharged from the compressor along with the
refrigerant and brought out from the compressor needs
to be returned to the compressor without delay. Second,
the refrigerator oil discharged from the compressor along
with the refrigerant and brought out from the compressor
needs to be returned to the compressor before the con-
centration of the refrigerator oil in the compressor be-
comes extremely lowered.

Citation List
Patent Literature

[0006] Patent Literature 1 Patent

N0.3866359 (Embodiment 8, Fig. 9)

Japanese

Summary of Invention
Technical Problem

[0007] In the related art air-conditioner described in
Patent Literature 1, while a refrigerator oil brought out of
the compressor used to be directly returned to a suction
opening, which is the primary side of the refrigerator, for
the purpose of securing the amount of the refrigerator oil
in the compressor, there are problems as shown below.
By directly returning the low-pressure high-temperature
refrigerator oil and gas refrigerant to the suction opening
of the compressor, a temperature increases and a refrig-
erant density is lowered at the suction opening of the
compressor, and a refrigerant circulation amount of the
compressor is lowered, resulting in deterioration of the
performance of the compressor. Thatis, power consump-
tion necessary to meet predetermined capacity of the
compressor increases. Further, since the suction tem-
perature of the compressor increase, the discharge tem-
perature of the compressor is apt to increase as well,
causing the temperature rise in a motor wiring to affect
reliability of the compressor.

[0008] The present invention is made to solve the
above problems, and a first object is to provide an air-
conditioner and a method of returning refrigerator oil that
enable to suppress the rise in the suction temperature of
the compressor. In addition to the first object, a second
object is to provide the air-conditioner and the method of
returning the refrigerator oil whose performance is further
improved by transferring the refrigerant flow amount by-
passed to the suction side of the compressor to the re-
frigerant circulation amount to a load side.

Solution to Problem

[0009] An air-conditioner according to the present in-
vention has a refrigerant circuit in which a compressor,
an oil separator, a heat source side heat exchanger, a
throttle device, and a use side heat exchanger are con-
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nected in order, an oil return circuit that connects the oil
separator with the suction side of the compressor, and a
decompression mechanism provided in the oil return cir-
cuit. The oail return circuit is installed by piping so as to
exchange heat with at least part of the heat source side
heat exchanger at the upper stream side of the decom-
pression mechanism.

[0010] A method of returning refrigerator oil according
to the present invention is a method of refrigerator oil
used in the above air-conditioner. The refrigerator oil sep-
arated by the oil separator is led to a portion of the heat
source side heat exchanger along with part of the remain-
ing refrigerant without being separated by the oil sepa-
rator and, after releasing heat, is returned to the suction
side of the compressor.

Advantageous Effects of Invention

[0011] In accordance with the air-conditioner and the
method of returning oil according to the presentinvention,
since the high-pressure high-temperature gas refrigerant
and the refrigerator oil separated by the oil separator are
led to a portion of the heat source side heat exchanger,
and are returned to the compressor after being made to
release heat, an increase of a compressor suction tem-
perature can be suppressed and performance can be
improved. By suppressing the increase of the compres-
sor suction temperature, an increase of a compressor
discharge temperature can be suppressed as well, ena-
bling to contribute to the improvement of reliability of the
compressor such as suppressing an increase of a motor
wiring temperature.

Brief Description of Drawings

[0012]

[Fig. 1]

Fig. 1 is a refrigerant circuit diagram showing a re-
frigerant circuit configuration of an air-conditioner ac-
cording to Embodiment 1.

[Fig. 2]

Fig. 2 is an illustrative diagram showing an example
of the wind speed distribution on a surface of the
heat source side heat exchanger.

[Fig. 3]

Fig. 3 is a refrigerant circuit diagram showing a re-
frigerant circuit configuration of an air-conditioner ac-
cording to Embodiment 2.

[Fig. 4]

Fig. 4 is a refrigerant circuit diagram showing a re-
frigerant circuit configuration of an air-conditioner ac-
cording to Embodiment 3.

[Fig. 5]

Fig. 5 is a Mollier diagram showing transitions of a
refrigerant at the time of a cooling and a heating op-
eration of the air-conditioner.
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Description of Embodiments

[0013] Descriptions will be given to embodiments of
the present invention based on drawings.

Embodiment 1

[0014] Fig. 1is arefrigerant circuit diagram showing a
refrigerant circuit configuration of an air-conditioner 100
according to Embodiment of the presentinvention. Based
on Fig. 1, descriptions will be given to the refrigerant cir-
cuit configuration and operations of the air-conditioner
100, which is a refrigeration cycle apparatus. The air-
conditioner 100 performs a cooling operation or a heating
operation using a refrigeration cycle (heat pump cycle)
that makes the refrigerant circulate. In Fig. 1, solid line
arrows denote the refrigeration circuit at the time of the
cooling operation and dotted line arrows denote the re-
frigeration circuit at the time of the heating operation,
respectively. In some case, in the drawings below includ-
ing Fig. 1, relations of sizes of each constituting member
may be different from actual ones.

[0015] As shown in Fig. 1, the air-conditioner 100 is
constituted by an outdoor unit (heat source unit) A and
two indoor units (indoor unit B4 and indoor unit B,) con-
nected in parallel with the outdoor unit A. The outdoor
unit A and the indoor unit B are connected with a refrig-
erant pipeline 15 constituted by a gas pipeline and a liquid
pipeline. Consequently, the air-conditioner 100 config-
ures a refrigerant circuit by the outdoor unit A and the
indoor unit B. A cooling operation and a heating operation
are possible to be realized by making a refrigerant circu-
late in the refrigerant circuit. In the descriptions as follows,
the indoor unit B4 and indoor unit B, are combined and
referred to as an indoor unit B in some case. The number
of the outdoor unit A and the indoor unit B, which are
connected, is not limited to the number shown in the
drawings.

Outdoor unit A

[0016] The outdoor unit A has a function to feed cooling
energy to the indoor unit B. In the outdoor unit A, the
compressor 1, an oil separator 2, a four-way valve 3, a
heat source side heat exchanger 4, a refrigerant - refrig-
erant heat exchanger 21, and an accumulator 5 are pro-
vided so as to be connected in series at the time of the
cooling operation. In the outdoor unit A, an oil returning
circuit 31 is provided that connects the oil separator 2
with the suction side of the compressor 1 via the heat
source side heat exchanger 4 and the decompression
mechanism 11. Further, in the outdoor unit A, a bypass
circuit 32 is provided that connects the downstream side
(condensation side) of the refrigerant-refrigerant heat ex-
changer 21 at the time of the cooling operation with the
upstream side of the accumulator 5 via the super-cooling
expansion valve 22 and the evaporation side of the re-
frigerant-refrigerant heat exchanger 21.
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[0017] The first compressor 1 sucks and compresses
the refrigerant to turn it into a high-pressure high-tem-
perature state and may be configured by a capacity-con-
trollable inverter compressor, for example. The oil sep-
arator 2 is provided at the discharge side of the compres-
sor 1 to separate a refrigerator oil component from a re-
frigerant gas discharged from the compressor 1 and
mixed with refrigerator oil. The four-way valve 3 functions
as a flow path switching device that switches refrigerant
flows and switches the refrigerant flow at the time of the
cooling operation and the refrigerant flow at the time of
the heating operation. The heat source side heat ex-
changer 4 functions as a condenser (a radiator) at the
time of the cooling operation and as an evaporator at the
time of the heating operation and exchanges heat be-
tween the air supplied from a blower such as a fan, which
is not shown, and the refrigerant so as to condense-lig-
uefy (or turns it into a high-density super-critical state) or
evaporate-gasify the refrigerant.

[0018] The refrigerant-refrigerant heat exchanger 21
exchange heat between the refrigerant flowing through
the refrigerant pipeline 15 and the refrigerant flowing
through the bypass circuit 32. The accumulator 5 is pro-
vided at the primary side (suction side) of the compressor
1 to store a surplus refrigerant. The oil returning circuit
31 returns the refrigerator oil and part of refrigerant sep-
arated by the oil separator 2 to the suction side of the
compressor 1 via a part (here, a part where the wind
speed distribution of the heat source side heat exchanger
4 is the minimum (refer to Fig. 2)) of the heat source side
heat exchanger 4 and the decompression mechanism
11. The decompression mechanism 11 is provided at the
downstream side of the heat source side heat exchanger
4 in the oil returning circuit 31 to decompress the refrig-
erant flowing through the oil returning circuit 31. The de-
compression mechanism 11 may be configured by those
whose opening degree is variably controllable, for exam-
ple, an electronic expansion valve and a capillary and
the like.

[0019] The bypass circuit 32 bypasses part of the re-
frigerant super-cooled in the refrigerant-refrigerant heat
exchanger 21 to the upstream side of the accumulator 5
via the super-cooling expansion valve 22 and the refrig-
erant-refrigerant heat exchanger 21. The super-cooling
expansion valve 22 is provided at the upstream side
(evaporation side) of the refrigerant-refrigerant heat ex-
changer 21 of the bypass circuit 32 at the time of the
cooling operation to decompress and expand the refrig-
erant flowing through the bypass circuit 32. The super-
cooling expansion valve 22 may be configured by those
whose opening degree is variably controllable, for exam-
ple, an electronic expansion valve and the like.

Indoor unit B
[0020] The indoor unit B is disposed in a room having

an area to be air-conditioned or the like and has a function
to supply air for cooling or heating to the area to be air-
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conditioned. Inthe indoor unit B, a use side heatexchang-
er 101 and a throttle device 102 are connected in series
and disposed. The use side heat exchanger 101 func-
tions as an evaporator at the time of the cooling operation
and as a condenser (a radiator) at the time of the heating
operation to exchange heat between the air supplied by
a blower such as a fan, which is not shown, and the re-
frigerant and prepares heating air or cooling air for sup-
plying the same to the area to be air-conditioned. The
throttle device 102 decompresses and expands the re-
frigerant to adjust the refrigerant distribution to the use
side heat exchanger 101. The throttle device 102 may
be configured by an electronic expansion valve and the
like whose opening degree is variable.

[0021] Descriptions will be given to the refrigerant flow
at the time of various operations of the air-conditioner
100.

When the air-conditioner 100 performs cooling operation
(solid line arrows), the four-way valve 3 is switched so
that the refrigerant discharged from the compressor 1
flows into the heat source side heat exchanger 4 and the
compressor 1 is driven. The refrigerant sucked by the
compressor 1 turns into a high-pressure high-tempera-
ture gas state in the compressor 1 and is discharged to
flow into the heat source side heat exchanger 4 via the
oil separator 2 and the four-way valve 3. The refrigerant
flowed into the heat source side heat exchanger 4 is
cooled while releasing heat into the air supplied from the
blower, which is not shown, and turns into a low-pressure
high-temperature liquid refrigerant to flow out from the
heat source side heat exchanger 4.

[0022] The liquid refrigerant flowing out from the heat
source side heat exchanger 4 flows into the indoor unit
B. The refrigerant flowed into the indoor unit B is decom-
pressed by the throttle device 102 to turn into a low-pres-
sure two-phase refrigerant. The low-pressure two-phase
refrigerant flows into the use side heat exchanger 101 to
evaporate and gasify by absorbing heat supplied by the
air from a blower, which is not shown. Then, cooling air
is supplied into the space to be air-conditioned such as
inside of the room and cooling operation in the space to
be air-conditioned is achieved. The refrigerant flowed out
from the use side heat exchanger 101 flows out of the
indoor unit B, flows into the outdoor unit A, passes
through the four-way valve 3 and the accumulator 5 of
the outdoor unit A, and absorbed by the compressor 1
again.

[0023] When the air-conditioner 100 performs a heat-
ing operation (broken line arrows), the four-way valve 3
is switched so that the refrigerant discharged from the
compressor 1 flows into the use side heat exchanger 101
and the compressor 1 is driven. The refrigerant sucked
by the compressor 1 turns into a high-pressure high-tem-
perature gas state in the compressor 1 and is discharged
to flow into the use side heat exchanger 101 via the oil
separator 2 and the four-way valve 3. The refrigerant
flowed into the heat source side heat exchanger 101 is
cooled while releasing heat into the air supplied from a
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blower, which is not shown, to turn into a low-pressure
high-temperature liquid refrigerant. Then, heating air is
supplied into the space to be air-conditioned such as in-
side of the room and heating operation in the space to
be air-conditioned is achieved.

[0024] The liquid refrigerant flowed out of the use side
heat exchanger 101 is decompressed by the throttle de-
vice 102 to turn into a low-pressure two-phase refriger-
ant. The low-pressure two-phase refrigerant flows out of
the indoor unit B to flow into the outdoor unit A. The low-
pressure two-phase refrigerant flowed into the outdoor
unit A flows into the heat source side heat exchanger 4
to evaporate and gasify by absorbing heat from the air
supplied by the blower, which is not shown. The low-
pressure gas refrigerant flows out of the heat source side
heat exchanger 4 and passes through the four-way valve
3 and the accumulator 5 to be sucked by the compressor
1 again.

[0025] Incidentally, the refrigerator oil brought out of
the compressor 1 along with the refrigerant flows into the
oil separator 2 and is separated from the high-pressure
gas refrigerant in the oil separator 2. However, in the oil
separator 2, the high-pressure gas refrigerant and the
refrigerator oil are not always separated completely (100
%). The oil separator 2 can separate almost 90 % of the
refrigerator oil, for example. The remaining almost 10 %
of the refrigerator oil is not separated and circulates in
the refrigerant circuit with the refrigerant. In the oil sep-
arator 2, the high-pressure high-temperature gas refrig-
erant does not always flow into the refrigerant circuit com-
pletely, as well. The oil separator 2 can separate approx-
imately 97 to 98 % of refrigerant, for example. The re-
maining approximately 2 to 3 % of the high-pressure high-
temperature gas refrigerant is adapted to be finally re-
turned to the compressor 1 with the refrigerator oil.
[0026] Partofthe high-pressure high-temperature gas
refrigerant and the refrigerator oil separated in the oil
separator 2 flows into a portion of the heat source side
heat exchanger 4 through the oil returning circuit 31 to
the compressor 1. In Fig. 1, the oil returning circuit 31
may pass through the portion of the heat source side
heat exchanger 4 that is, for example, a part where the
wind speed distribution on the surface of the heat ex-
changer is the smallest (a part having poor contribution
as heat exchange amount). The high-pressure high-tem-
perature gas refrigerant flowed into the portion of the heat
source side heat exchanger 4 turns into a high-pressure
medium-temperature liquid state by releasing heat in the
heat source side heat exchanger 4 to flow into the de-
compression mechanism 11. In the decompression
mechanism 11, the high-pressure medium-temperature
liquid refrigerant is decompressed to be low-pressure
low-temperature and returned to the suction side of the
compressor 1 with the refrigerator oil.

[0027] Fig. 2 is an illustrative diagram showing an ex-
ample of the wind speed distribution on a surface of the
heat source side heat exchanger 4. Based on Fig. 2, de-
scriptions will be given to the oil returning circuit 31 which
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is connected with the heat source side heat exchanger
4 along with the wind speed distribution on the surface
ofthe heat source side heat exchanger 4. Fig. 2illustrates
the fan 50 as well. As mentioned above, the refrigerant
and the refrigerator oil each flowing through the oil re-
turning circuit 31 are adapted to flow through the portion
of the heat source side heat exchanger 4. When the out-
door unit A has a configuration such that outdoor air is
sucked from a side face and blown out to upward through
the heat source side heat exchanger 4, a wind speed
distribution shown in Fig. 2 is generated on the surface
of the heat source side heat exchanger 4.

[0028] Thatis, in the heat source side heat exchanger
4 like this, the wind speed distribution becomes small
fromthe upper section near the fan 50 to the lower section
away from the fan 50. Because of the wind speed distri-
bution like this, in the lower section where the wind speed
distribution is small, contribution rate to the entire radia-
tion amount of the heat source side heat exchanger 4
becomes small. However, the radiation amount is
enough to radiate small amount of the high-pressure
high-temperature gas refrigerant, which is a part sepa-
rated in the oil separator 2. Consequently, the air-condi-
tioner 100 makes the refrigerant and the refrigerator oil
flow through the oil returning circuit 31 and exchange
heat in a portion where the wind speed distribution of the
heat source side heat exchanger 4 is the smallest. For
example, when the fan 50 is provided at the upper part
as shown in Fig. 2, the refrigerant and the refrigerator oil
flowing through the oil returning circuit 31 may be made
to exchange heat at a portion of from the intermediate
position in a height direction to the lower side of the heat
source side heat exchanger 4.

[0029] As mentioned above, the air-conditioner 100 is
adapted to make part of the high-pressure high-temper-
ature gas refrigerant and the refrigerator oil separated
by the oil separator 2 release heat in the heat source side
heat exchanger 4, then to return it to the compressor 1.
Thereby, compared with a conventional air-conditioner
where the high-pressure high-temperature gas refriger-
ant and the refrigerator oil are directly returned to the
compressor suction side, enthalpy at the compressor
suction sideis reduced and refrigerant density atthe com-
pressor suction side increases. Accordingly, itis possible
to suppress temperature rise at the compressor suction
side. Further, since the gas refrigerant density sucked
into the compressor 1 increases and the refrigerant cir-
culation amount in the refrigeration circuit increases, the
performance of the air-conditioner 100 is improved. The
rise in the discharge temperature of the compressor 1
can be suppressed by suppressing the rise in the suction
temperature, which contributes to the improvement of
the reliability of the compressor 1 such as suppression
of the rise in the motor wiring temperature.

Embodiment 2

[0030] Fig. 3 is arefrigerant circuit diagram showing a
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refrigerant circuit configuration of an air-conditioner 100a
according to Embodiment 2. Based on Fig. 3, descrip-
tions will be given to the refrigerant circuit configuration
and operations of the air-conditioner 100a, which is one
of refrigeration cycle apparatuses. The air-conditioner
100a performs a cooling operation or a heating operation
using a refrigeration cycle that makes the refrigerant cir-
culate. In Fig. 3, solid line arrows denote the refrigeration
circuit at the time of the cooling operation and dotted line
arrows denote the refrigeration circuit at the time of the
heating operation, respectively. In Embodiment 2, the
same signs are given to the same portions as Embodi-
ment 1 and descriptions will be given focusing on differ-
ences from Embodiment 1.

[0031] In Embodiment 1, while descriptions are given
to the air-conditioner 100, in which part of the high-pres-
sure high-temperature gas refrigerant and the refrigera-
tor oil separated by the oil separator 2 are adapted to be
returned to the compressor 1 after being made to release
heat in the heat source side heat exchanger 4, in Em-
bodiment 2, descriptions will be given to the air-condi-
tioner 100a, in which radiation effect is further improved.
As shown in Fig. 3, although the basic refrigerant circuit
configuration of the air-conditioner 100a is the same as
the air-conditioner 100 according to Embodiment 1, the
air-conditioner 100a is different from the air-conditioner
100 according to Embodiment 1 in that a super-cooling
heat exchanger 12 is provided in the oil returning circuit
(hereinafter, referred to as an oil returning circuit 31a).
[0032] The super-cooling heat exchanger 12 is provid-
ed between the heat source side heat exchanger 4 of the
oil returning circuit 31a and the decompression mecha-
nism 11 to exchange heat between part of the refrigerant
separated in the oil separator 2 and made to release heat
in the heat source side heat exchanger 4 and the refrig-
erant flowed out of the heat source side heat exchanger
4 and decompressed by the decompression mechanism
11. Consequently, in the air-conditioner 100a, part of the
high-pressure high-temperature gas refrigerant and the
refrigerator oil separated by the oil separator 2 can be
made to further release heat in the super-cooling heat
exchanger 12 after being made to release heat in the
heat source side heat exchanger 4. As explained in Em-
bodiment 1, the oil returning circuit 31a may install pipe-
lines so as to exchange heat at a section where the wind
speed distribution of the heat source side heat exchanger
4 is the smallest.

[0033] Descriptions will be given to the flow of the re-
frigerant and refrigerator oil in the oil returning circuit 31a
of the air-conditioner 100a. The refrigerant flow at the
time of various operations of the air-conditioner 100a is
the same as that of the air-conditioner 100 according to
Embodiment 1. The refrigerator oil brought out of the
compressor 1 along with the refrigerant flows into the oil
separator 2 and is separated from the high-pressure gas
refrigerantin the oil separator 2. Part of the high-pressure
high-temperature gas refrigerant and the refrigerator oil
separated in the oil separator 2 flows into the portion of

10

15

20

25

30

35

40

45

50

55

the heat source side heat exchanger 4 through the oil
returning circuit 31a to the compressor 1. The high-pres-
sure high-temperature gas refrigerant flowed into the por-
tion of the heat source side heat exchanger 4 turns into
a high-pressure medium-temperature liquid refrigerant
by releasing heat in the heat source side heat exchanger
4.

[0034] The high-pressure medium-temperature liquid
refrigerant and the refrigerator oil flowing out of the heat
source side heat exchanger 4 flows into the condensation
side of the super-cooling heat exchanger 12. In the super-
cooling heat exchanger 12, the high-pressure medium-
temperature liquid refrigerant and the refrigerator oil ex-
change heat with the low-pressure two-phase refrigerant
and the refrigerator oil flowed into the evaporation side
of the super-cooling heat exchanger 12 through the de-
compression mechanism 11 and turns into a super-
cooled high-pressure medium-temperature liquid refrig-
erant and the refrigerator oil to flow into the decompres-
sion device. In the decompression mechanism 11, the
high-pressure medium-temperature liquid refrigerant is
decompressed to be a low-pressure low-temperature
two-phase refrigerant and flows into the evaporation side
of the super-cooling heat exchanger 12 along with the
refrigerator oil. The low-pressure low-temperature two-
phase refrigerant exchanges heat with the refrigerantand
the refrigerator oil flowed into the condensation side of
the super-cooling heat exchanger 12 and turns into a
low-pressure low-temperature gas refrigerant to be re-
turned into the suction side of the compressor 1 with the
refrigerator oil.

[0035] As mentioned above, the air-conditioner 100 is
adapted to make part of the high-pressure high-temper-
ature gas refrigerant and the refrigerator oil separated
by the oil separator 2 release heat in the heat source side
heat exchanger 4, then return them to the compressor 1
after super-cooling in the super-cooling heat exchanger
12. Thereby, compared with a conventional air-condition-
er where the high-pressure high-temperature gas refrig-
erant and the refrigerator oil are directly returned to the
suction side of the compressor, enthalpy at the compres-
sor suction side is reduced and refrigerant density at the
compressor suction side increases. Accordingly, itis pos-
sible to suppress temperature rise at the suction side of
the compressor.

[0036] Since the density of the gas refrigerant sucked
into the compressor 1 increases and the refrigerant cir-
culation amount increases, the performance of the air-
conditioner 100a is improved. The rise in the discharge
temperature of the compressor 1 can be suppressed by
suppressing the rise in the suction temperature, which
contributes to the improvement of the reliability of the
compressor 1 such as suppression of the rise in the motor
wiring temperature. In addition, in the air-conditioner
100a, since not the refrigerant under a low-pressure low-
temperature two-phase state returns to the compressor
1 but a low-pressure gas refrigerant returns to the com-
pressor 1, a liquid back ratio can be reduced as a liquid
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back amount against the refrigerant circulation amount
of the compressor 1. Accordingly, it is possible to sup-
press dilution of the oil concentration in the compressor
1 and to improve reliability of the air-conditioner 100a
further.

Embodiment 3

[0037] Fig. 4is arefrigerant circuit diagram showing a
refrigerant circuit configuration of an air-conditioner 100b
according to Embodiment 3 of the present invention.
Based on Fig. 4, descriptions will be given to the refrig-
erant circuit configuration and operations of the air-con-
ditioner 100b, which is one of refrigeration cycle appara-
tuses. The air-conditioner 100b performs a cooling op-
eration or a heating operation using a refrigeration cycle
that makes the refrigerant circulate. In Fig. 4, solid line
arrows denote the refrigeration circuit at the time of the
cooling operation and dotted line arrows denote the re-
frigeration circuit at the time of the heating operation,
respectively. In Embodiment 3, the same signs are given
to the same portions as Embodiments 1 and 2, and de-
scriptions will be given focusing on differences from Em-
bodiments 1 and 2.

[0038] Descriptions are given to an air-conditioner, in
which while in Embodiment 1 part of the high-pressure
high-temperature gas refrigerant and the refrigerator oil
separated by the oil separator 2 are adapted to be re-
turned to the compressor 1 after being made to release
heat in the heat source side heat exchanger 4, and in
Embodiment 2, part of the high-pressure high-tempera-
ture gas refrigerant and the refrigerator oil separated by
the oil separator 2 are adapted to be returned to the com-
pressor 1 after being made to release heat in the heat
source side heat exchanger 4 and super-cooling heat
exchanger 12, respectively. In Embodiment 3, descrip-
tions will be given to the air-conditioner 100b, which is
configured to further enhance performance improvement
effect. As shown in Fig. 4, although the basic refrigerant
circuit configuration of the air-conditioner 100b is the
same as the air-conditioner 100 according to Embodi-
ment 1 and the air-conditioner 100a according to Em-
bodiment 2, the oil returning circuit (hereinafter, referred
to as an oil returning circuit 31b) is different.

[0039] The oil returning circuit 31b leads the refriger-
ator oil and part of the refrigerant separated by the oil
separator 2 through the portion of the heat source side
heat exchanger 4 and the decompression mechanism
11 to the evaporation side inlet of the refrigerant - refrig-
erant heat exchanger 21, which is in between the refrig-
erant - refrigerant heat exchanger 21 and super-cooling
expansion valve 22 of the bypass circuit 32. That is, in
the air-conditioner 100b, the oil returning circuit 31b does
not return the low-pressure low-temperature two-phase
refrigerant and the refrigerator oil decompressed by the
decompression mechanism 11 to the suction side of the
compressor 1, but passes to join at the evaporation side
inlet of the refrigerant-refrigerant heat exchanger 21. In
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addition, as explained in Embodiment. 1, the oil returning
circuit 31b may be installed by piping so as to exchange
heat at a section where the wind speed distribution of the
heat source side heat exchanger 4 is the smallest.
[0040] Fig, 5 is a Mollier diagram (a diagram showing
the relation between the pressure of the refrigerant and
enthalpy) showing transitions of the refrigerant at the time
of the cooling operation of the air-conditioner 100b.
Based on Figs. 4 and 5, descriptions will be given to the
refrigerant flow at the time of the cooling operation of the
air-conditioner 100b. The refrigerant states at points "A"
to "F" shown in Fig. 5 correspond to the refrigerant status
at points "A" to "F" shown in Fig. 4. In Fig. 5, the vertical
axis denotes pressure [MPa] and the horizontal axis de-
notes enthalpy [kJ/kg], respectively. In addition, as for
the refrigerant flow at the time of the heating operation
of the air-conditioner 100b is the same as that of the air-
conditioner 100 according to Embodiment 1.

[0041] When the air-conditioner 100b performs the
cooling operation (solid line arrows), the four-way valve
3 is switched so that the refrigerant discharged from the
compressor 1 flows into the heat source side heat ex-
changer 4 and the compressor 1is driven. The refrigerant
sucked by the compressor 1 turns into a high-pressure
high-temperature gas state in the compressor 1 and is
discharged (status "A") to flow into the heat source side
heat exchanger 4 via the oil separator 2 and the four-way
valve 3. The refrigerant flowed into the heat source side
heat exchanger 4 is cooled while releasing heat to the
air supplied from the fan not shown and turns into a low-
pressure high-temperature liquid refrigerant to flow out
from the heat source side heat exchanger 4 (status "B").
[0042] The liquid refrigerant flowed out of the heat
source side heat exchanger 4 flows into the condensation
side of the refrigerant-refrigerant heat exchanger 21. The
refrigerant flowed into the refrigerant-refrigerant heat ex-
changer 21 exchanges heat with the low-pressure two-
phase refrigerant flowing through the evaporation side
of the refrigerant-refrigerant heat exchanger 21 and is
subjected to super-cooling (status "C"). Part of the high-
pressure liquid refrigerant flowed out of the refrigerant-
refrigerant heat exchanger 21 and subjected to super-
cooling flows out from the indoor unit A to flow into the
indoor unit B. The refrigerant flowed into the indoor unit
B is decompressed by the throttle device 102 to turn into
a low-pressure two-phase refrigerant (status "D").
[0043] On the other hand, part of the high-pressure
liquid refrigerant flowed out of the refrigerant-refrigerant
heat exchanger 21 and subjected to super-cooling flows
into the bypass circuit 32. The liquid refrigerant flowed
into the bypass circuit 32 is decompressed by the super-
cooling expansion valve 22 to turn into a low-pressure
two-phase refrigerant. The refrigerant turned into the low-
pressure two-phase refrigerant in the super-cooling ex-
pansion valve 22 flows into the evaporation side of the
refrigerant-refrigerant heat exchanger 21 and exchanges
heat with the high-pressure liquid refrigerant at the con-
densation side of the refrigerant-refrigerant heat ex-
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changer 21 to turn into a low-pressure gas refrigerant
(status "E"). The low-pressure gas refrigerant flowed out
of the evaporation side of the refrigerant-refrigerant heat
exchanger 21 is led between the four-way valve 3 and
the accumulator 5 and flows into the accumulator 5 to
finally return to the compressor 1.

[0044] Thereby, when the high-pressure liquid refrig-
erant flowing into the throttle device 102 at the indoor
unit B side is subjected to super-cooling, enthalpy de-
creases and in the case where capacity is constant, the
refrigerant flow amount into the indoor unit B can be re-
duced by the amount corresponding to the reduction of
enthalpy. That is, since it is expressed that capacity Q =
refrigerant flow amount Gr * difference enthalpy Al at the
inlet/outlet of the evaporator (use side heat exchanger
101), enthalpy decreases by making the high-pressure
liquid refrigerant subjected to super-cooling, allowing the
refrigerant flow amount Gr to be small (Gr’) by the amount
(AI') corresponding to the amount by which difference
enthalpy Al could be made large.

[0045] in the case of cooling, since a pressure loss in
the use side heat exchanger 101 at the load side and a
pressure loss in the low-pressure line from the outlet of
the use side heat exchanger 101 to the suction of the
compressor are decreased (status "E" to "F") by the
amount by which the refrigerant flow amount to the indoor
unit B can be reduced, the suction pressure of the com-
pressor 1 can be increased. Accordingly, since the suc-
tion pressure of the compressor 1 can be increased, the
refrigerantflow amount of the compressor 1 itselfincreas-
es to enhance the capacity of the compressor 1. Since
the operation frequency in proportion to the push-aside
amount of the compressor 1 can be reduced as much as
the increased capacity of the compressor 1, power con-
sumption is decreased and performance is improved re-
sultantly.

[0046] Descriptions will be given to the refrigerant flow
in the oil returning circuit 31b of the air-conditioner 100b.
The refrigerator oil brought out of the compressor 1 along
with the refrigerant flows into the oil separator 2 and sep-
arated from the high-pressure gas refrigerant in the oil
separator 2. Part of the high-pressure high-temperature
gas refrigerant and the refrigerator oil separated in the
oil separator 2 flows into the portion of the heat source
side heat exchanger 4 through the oil returning circuit
31b to the compressor 1. The high-pressure high-tem-
perature gas refrigerant flowed into the portion of the heat
source side heat exchanger 4 turns into a high-pressure
medium-temperature liquid refrigerant by releasing heat
in the heat source side heat exchanger 4.

[0047] The high-pressure medium-temperature liquid
refrigerant flowed out of the heat source side heat ex-
changer 4 turnsinto a low-pressure low-temperature two-
phase refrigerant in the decompression mechanism 11
and merges with the low-pressure two-phase refrigerant
flowing through the bypass circuit 32 via the super-cool-
ing expansion valve 22 to flow into the evaporation side
of the refrigerant-refrigerant heat exchanger 21. The low-
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pressure two-phase exchanges heat with the refrigerant
flowing through the condensation side of the refrigerant-
refrigerant heat exchanger 21, turns into a low-pressure
low-temperature gas refrigerant, being guided between
the four-way valve 3 and the accumulator 5 along with
the refrigerator oil, and flows into the accumulator 5 to
finally return to the compressor 1.

[0048] As mentioned above, the air-conditioner 100b
makes part of the high-pressure high-temperature gas
refrigerant and the refrigerator oil separated by the oil
separator 2 release heat in the heat source side heat
exchanger 4, merge into the high-pressure medium-tem-
perature liquid refrigerant transferred to the indoor unit
B at the evaporation side inlet of the refrigerant-refriger-
antheatexchanger21inorder to subject to super-cooling
in the refrigerant-refrigerant heat exchanger 21, and then
return to the compressor 1. Thereby, compared with a
conventional air-conditioner where the high-pressure
high-temperature gas refrigerant and the refrigerator oil
are directly returned to the compressor suction side, the
refrigerant flow amount to the evaporation side of the
refrigerant-refrigerant heat exchanger 21 increases.
[0049] Consequently, if the difference enthalpy Al that
satisfies a predetermined capacity Q is constant, the by-
pass flow amount from the super-cooling expansion
valve 22 can be reduced by the amount of increase in
the refrigerant flow amount to the evaporation side of the
refrigerant-refrigerant heat exchanger 21. Therefore, the
refrigerant flow amount to the indoor unit B increases by
the reduction. When the refrigerant flow amount to the
indoor unit B increases, capacity is enhanced. Therefore,
the operation capacity (operation frequency in proportion
to the push-aside amount of the compressor 1) of the
compressor 1 can be reduced by the amount of the en-
hanced capacity, power consumption is decreased and
performance is improved resultantly

[0050] For example, when the refrigerant flow amount
Gb1 made to bypass by the oil separator 2 is 5 % and
the bypass refrigerant flow amount Gb2 to the evapora-
tion side of the refrigerant-refrigerant heat exchanger 21
is 15 % against the entire refrigerant flow amount G dis-
charged from the compressor 1, the refrigerant flow
among Gr having flowed into the indoor unit B becomes
Gr=G-Gb1-Gb2=100 % -5 % - 15 % = 80 %. If the
refrigerant flow amount Gb1 made to bypass by the oil
separator 2 is made to join the bypass refrigerant flow
amount Gb2 to the evaporation side of the refrigerant-
refrigerant heat exchanger 21 in place of directly being
returned to the suction side of the compressor, the flow
amount will be .Gb2 =5 % + 15 % = 20 %, resulting in
an excess of 5 % from Gb2 = 15%, which is originally
required.

[0051] Therefore, by reducing the refrigerant flow
amount from the super-cooling expansion valve 22 by 5
% to make it be 10 %, that is the original value, Gb2 =5
% + (15 - 5 %) can be achieved, allowing the excess
amount 5 % to flow into the indoor unit B. That is, the
excess amount 5 % flows as the refrigerant amount Gr



15 EP 2 383 529 A1 16

to the indoor unit B, resulting in the increase in the refrig-
erant amount Gr flowing into the indoor unit B up to 85
%. The operation capacity of the compressor 1 can be
reduced by the increased amount 5 % and power con-
sumption is decreased, resulting in the improvement of
performance.

[0052] Since the temperature rise in the suction side
of the compressor is suppressed and the gas refrigerant
density increases, the refrigerant circulation amount of
the compressor 1 increases, which is a multiplier effect,
allowing the performance of the air-conditioner 100b to
be further improved. Moreover, the rise in the discharge
temperature of the compressor 1 can be suppressed by
suppressing the rise in the suction temperature, resulting
in the contribution to the improvement of reliability of the
compressor 1 such as control of the rise in the motor
winding temperature. In addition, since no refrigerant flow
amount bypassed by the oil separator 2 is directly re-
turned to the compressor 1, the operation frequency in
proportion to the push-aside amount of the compressor
1 can be reduced, allowing power consumption to be
further decreased and performance to be improved re-
sultantly.

Reference Signs List

[0053]

1 compressor

2 oil separator

3 four-way valve

4 heat source side heat exchanger

5 accumulator

11 decompression mechanism

12 super-cooling heat exchanger

15 refrigerant pipeline

21 refrigerant-refrigerant heat ex-
changer

22 super-cooling expansion valve

31, 31a, 31b oil returning circuit

32 bypass circuit

50 fan

100, 100a, 100b  air-conditioner

101 use side heat exchanger

102 throttle device

A outdoor unit

B, B4, B, indoor unit

Claims

1. An air-conditioner, comprising:

a refrigerant circuit, in which a compressor, an
oil separator, a heat source side heat exchang-
er, a throttle device, and a use side heat ex-
changer are connected in order;

an oil return circuit that connects said oil sepa-
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rator with the suction side of said compressor;
and

a decompression mechanism provided in said
oil return circuit, wherein

said oil return circuit is installed by piping so as
to exchange heat with at least part of said heat
source side heat exchanger at the upper stream
side of said decompression mechanism.

The air-conditioner of claim 1, wherein

a super-cooling heat exchanger in which a refriger-
ant and refrigerator oil flowing between said heat
source side heat exchanger and said decompres-
sion mechanism exchanges heat with the refrigerant
and refrigerator oil having passed through said de-
compression mechanism is provided in said oil re-
turning circuit.

An air-conditioner comprising:

a refrigerant circuit, in which a compressor, an
oil separator, a heat source side heat exchang-
er, a refrigerant - refrigerant heat exchanger, a
throttle device, and a use side heat exchanger
are connected in order;

a bypass circuit that connects between said re-
frigerant - refrigerant heat exchanger and said
throttle device with the suction side of said com-
pressor via said refrigerant - refrigerant heat ex-
changer;

a super-cooling expansion valve provided at the
upstream side of said refrigerant - refrigerant
heat exchanger in said bypass circuit;

an oil return circuit that connects said oil sepa-
rator with said bypass circuit in between said
super-cooling expansion valve and said refrig-
erant - refrigerant heat exchanger; and

a decompression mechanism provided in said
oil return circuit, wherein

said oil return circuit is installed by piping so as
to exchange heat with at least part of said heat
source side heatexchanger atthe upstream side
of said decompression mechanism.

The air-conditioner according to any of claims 1 to 3
that provide for a fan, which supplies air to said heat
source side heat exchanger, above said heat source
side heat exchanger, wherein

said oil return circuit is installed by piping so as to
exchange heat with a part of the lower side from the
intermediate position in a height direction of said heat
source side heat exchanger.

A method of returning refrigerator oil in the air-con-
ditioner according to any of claims 1 to 3, wherein

the refrigerator oil subjected to gas-oil separation by
said oil separator is led to a part of said heat source
side heat exchanger along with a part of the remain-
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ing refrigerant without being gas-oil separated by
said oil separator, and is returned to the suction side
of said compressor after being made to release heat.

A method of returning refrigerator oil in the air-con-
ditioner according to claim 1 or 2, wherein

the refrigerator oil separated by said oil separator is
led to a part of said heat source side heat exchanger
along with a part of the remaining refrigerant without
being separated by said oil separator, led to the con-
densation side of said super-cooling heat exchanger
after being made to release heat, and returned to
the suction side of said compressor after being made
to exchange heat with the refrigerant flowing at the
evaporation side of said super-cooling heat ex-
changer.

A method of returning refrigerator oil in the air-con-
ditioner according to claim 3, wherein

the refrigerator oil separated by said oil separator is
led to a part of said heat source side heat exchanger
along with a part of the remaining refrigerant without
being separated by said oil separator, led to the
evaporation side of said refrigerant-refrigerant heat
exchanger after being made to release heat, and re-
turned to the suction side of said compressor after
being made to exchange heat with the refrigerant
flowing at the condensation side of said refrigerant
- refrigerant heat exchanger.
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